Introduction
Histoplasma capsulatum (Hc)' is a dimorphic fungus that infects the host by deposition of microconidia and small mycelial fragments into the terminal bronchioles and alveoli of the Address reprint requests to Dr. Newman, Division of Infectious Diseases, University of Cincinnati College of Medicine, 231 Bethesda Avenue (ML 560), Cincinnati, OH 45267.
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1. Abbreviations used in this paper: AM, alveolar macrophage; ASI, association index, the total number of bound plus ingested organisms per 100 M+; BAL, bronchoalveolar lavage; CD, cytochalasin D; EC3b, EC3bi, sheep erythrocytes coated with C3b and iC3b; HBSA, HBSS containing 20 mM Hepes and 0.25% BSA; Hc, Histoplasma capsulatum; Mo, macrophage; NOC, nocodazole; PBSA, PBS containing 0.05% azide; PI, phagocytic index, total number of organisms ingested per 100 M+; PM, peritoneal macrophage. lung. Inhaled microconidia subsequently convert into the yeast form that is responsible for the pathogenesis of histoplasmosis. Hc yeasts are phagocytized by alveolar MO (AM), within which they multiply (1) (2) (3) (4) . The dividing yeasts presumably destroy the AM, and subsequently are ingested by other resident AM and by MO recruited to the loci of infection.
Repetition of this cycle results in spread of infection to hilar lymph nodes and transient dispersal of yeasts to other organs during the acute phase of primary histoplasmosis (1-2 wk). Thereafter, the maturation of specific cell-mediated immunity (CMI) against Hc activates Mi to halt yeast proliferation with gradual resolution of the disease process in most immunocompetent hosts (5) (6) (7) .
In vitro studies on the interaction of Hc with M4 have focused on the intracellular fate of Hc yeasts in monolayers of peritoneal M4 (PM) from normal and immune animals (8) (9) (10) (11) (12) . These demonstrate that PM from Hc-immune mice, but not normal mice, restrict intracellular growth of yeasts, and inhibition of growth is dependent on the presence of immune lymphocytes (8) (9) (10) . Furthermore, lymphokines generated from cultures of immune splenic T cells stimulated with Hc antigens or recombinant murine y interferon (yIFN), activate resident mouse PM to inhibit intracellular growth of Hc yeasts (11, 12) . Actual killing of yeasts never has been observed. PM and AM from outbred Swiss albino mice have been reported to phagocytose Hc microconidia and small hyphal fragments at rates comparable to yeasts (13) . Compared with normal MO, MO from Hc immunized mice were better able to restrict the growth of mycelial elements. However, only PM and AM from mice treated with BCG actually reduced the numbers of viable particles ( 13) .
There (17) . MAbs OKMI (18) and 904 (19) , also specific for the a-chain ofCDI lb/CD 18; TS-1/22 (20) , specific for the a-chain ofCDI la/CD18; 1B4 (18) , specific for the j#-chain ofthe CD18 glycoproteins; 3C10 (21) , specific for a 55-kD protein unique to monocytes and macrophages; and 3G8 (22) (29) . The pooled BAL fluid contained > 90% AM by differential counts of Wright-Giemsa stained cytocentrifuge preparations. The AM were washed twice in RPMI 1640 containing 2% fetal bovine serum, counted in a hemacytometer, and resuspended to 2.5 X 105/ml for phagocytosis assays, and to 5 X 105/ml for rosette assays.
The viability of AM was consistently > 95% as determined by trypan blue dye exclusion. Rosette assays. Terasaki tissue culture plates (Miles Laboratories Inc., Naperville, IL) were coated with 1 mg/ml of HSA (Worthington Biochemical Corp., Freehold, NJ) or MAb (50 ug/ml) by incubating for 90 min at 250C. The wells were washed, and 5 ;l ofcultured Mo or AM were allowed to adhere for 1 h at 370C in 5% CO2-95% air. The Phagocytosis assay. To differentiate between attachment and ingestion of Hc, we employed a modification of the fluorescence quenching technique described by Hed et al. (30) . Freshly isolated monocytes, cultured M4 or AM were adhered to glass coverslips for 1 h at 370C in 5% CO2. The monolayers were washed twice with HBSA, and l-ml aliquots of FITC-labeled yeasts (2 X 107/ml) or microconidia (1 X 106/ml) were added. After incubating at 370C for varying periods of time, nonadherent organisms were removed from the monolayers by washing twice with HBSA. Trypan blue (0.3 ml of 1 mg/ml in PBS) was added to each well for 15 (mean±SEM, n = 8). (Fig. 1 B) . By 60 min, 59% of M4 had ingested an average of 11 yeasts/Mo. In contrast to Mo, the rate and extent of phagocytosis of Hc yeasts by freshly isolated monocytes was markedly lower.
No yeasts were observed in monocytes until 20 min (Fig. 1 B) , and after incubation for 60 min, only 26% of monocytes had ingested an average of 5.5 yeasts/Mo. addition, the phagocytic indices for cultured MO and AM were 5.5-and 4.6-fold greater than the index obtained with monocytes (P < 0.02). However, the percentage of attached yeasts that were internalized (phagocytic index/association index) by both monocytes and M4 was -80%. This high percentage of internalized vs. bound yeasts was evident at all time points, and indicates that binding of yeasts to the M4 membrane was followed by rapid ingestion. Phagocytosis ofHc microconidia by cultured Mq and AM. Phagocytosis of FITC-labeled Hc microconidia by Mi was quantified as described for yeasts. Hc strain 501 was chosen for these studies because the mycelia produce mostly microconidia at 30'C, and it is these small conidia (3-5 ,Mm) that enter the alveolar spaces and presumably are ingested by AM. In these experiments, it was not feasible to examine the kinetics of phagocytosis because of the low numbers of conidia that were obtained. Therefore, we compared the phagocytosis of 1 X 106 microconidia and the same number of yeasts. After 1 h at 370C, cultured MO and AM phagocytosed equivalent numbers of microconidia (Fig. 2) (34) for 30 min at 370C, and then were incubated with Hc yeasts for 60 min. Concentrations of NOC from 0.1 to 2.5 ,ug/ml had no effect on the percentage of Mo ingesting or the PI (Fig. 4) . The ASI also was not changed (data not shown), indicating that unlike CD, NOC had no effect on the binding of Hc yeasts to Mo. Likewise, NOC did not inhibit binding of EC3b or EC3bi to suspension cultured Mo, but did inhibit ingestion of EC3b(i) by adherently cultured Mo, confirming our previous experiments2 and those of others (32, 33) (Table V) . Thus, although microtubule polymerization is required for phagocytosis of EC3b and EC3bi, it is not required for ingestion of Hc yeasts.
Discussion
In this study, we examined the binding and ingestion of Hc yeasts and microconidia by human monocytes, cultured M+, and AM. As was found for cultured Mo (14) , AM also bind Hc yeasts via the CD1 8 receptor complex. Thus, MAbs specific for the a-chains of each member of the CD18 family all partially blocked the binding of Hc yeasts to AM, and maximum inhibition was obtained with a MAb specific for the A-chain. Antibodies that recognized Mo membrane components not associated with the CD18 complex did not block yeast binding to AM. Similarly, MAbs specific for CD1 8 receptors, but not control MAbs, inhibited the binding of Hc microconidia to cultured Mo and AM. These data indicate that both microconidia of the mycelial phase and yeasts of Hc are recognized by the same receptor complex on human Mo. MO were preincubated with 1 tg/ml of CD for 5 min at 370C, and then incubated with Hc yeasts for 60 min at 370C.
* Mean±SEM (n = 3). The three MAbs to CD llb/CD 18 used in these studies recognize distinct epitopes on the a-chain. The unique specificity of these MAbs has made it possible to demonstrate that specific sites on the a-chain mediate phagocyte binding to different target particles or substrates. Thus, MAb inhibits EC3bi binding to PMN (35) and monocytes (17) , and inhibits zymosan binding to PMN (35) , whereas OKM1 inhibits neither EC3bi nor zymosan binding to PMN (35) . MAb 904 inhibits PMN adherence to protein-coated plastic (19) and LPS binding to PMN (36), but does not inhibit EC3bi binding to PMN (36) .
The attachment of Hc to MO CD1 8 receptors is a more complex phenomenon. As proposed previously (14) , Hc might bind independently to each of the a-chains of the CD1 8 family, or the binding site for Hc might be located on the common p-chain. In our original experiments (14) , OKM 
frequently is asymptomatic and self-limited, the sequence of events in the early inflammatory response to inhaled microconidia is unknown (1) . Furthermore, the fate of microconidia in the lungs of experimental animals has not been described (2) . Thus, the events that are initiated once microconidia enter the pulmonary alveoli are unknown. However, our data indicate that microconidia are ingested rapidly by AM.
It is likely, therefore, that upon exposure to Hc in nature, microconidia are inhaled into the pulmonary alveoli and phagocytosed by resident AM within which an unknown proportion transform into yeasts. This event initiates primary infection, which in turn stimulates the development of Hc-specific CMI with eventual resolution of the infection. Some support for this hypothetical sequence of events is provided by observations that in regions where histoplasmosis is endemic, up to 90% of sampled adult populations demonstrate CMI to Hc as demonstrated by delayed type skin test reactions or by blastogenic transformation of their peripheral blood lymphocytes to histoplasmin (1) . In addition, it has been reported that following in vitro infection of AM from naive mice by microconidia and hyphal fragments of Hc, the number of intracellular fungi increased over 48 h, whereas there was no increase in fungi within AM from mice that had been immunized with Hc (13 (40) , whereas phagocytosis of Hc yeasts does trigger it (14) . Characterization of the biochemical pathway by which Hc triggers phagocytosis may provide insight into the ability of this microorganism to survive within the hostile environment of the M4 phagolysosome. In addition, Hc yeasts and EC3bi provide useful probes for exploring the different M4 activation pathways initiated by ligand-binding to CD1 8 receptors.
